Abstract. -Accreted terranes, comprising a wide variety of Late Jurassic and Early Cretaceous igneous and sedimentary rocks are an important feature of Cuban geology. Their characterization is helpful for understanding Caribbean paleogeography.
INTRODUCTION
Previous studies [Iturralde-Vinent 1994 , 1996a Kerr et al., 1999; Maresch et al., 2000; Blein et al., 2003] focused on the Cretaceous and Palaeogene arc-suites of central and eastern Cuba. These subduction-related rocks bring new insight on the geodynamic implications concerning the subduction of the Pacific beneath Central America and help understand the effects of the thick and buoyant Late Cretaceous Caribbean plateau [CCOP, Kerr et al., 1996 Sinton et al., 1998; Lapierre et al., 2000] on this subduction zone. However, all the Mesozoic Cuban rocks do not display arc-affinities. Indeed, the geochemical study of mafic dykes intruding Jurassic turbidites [Reguera et al., 1999] exposed in the Sierra del Rosario reveals the presence of within-plate tholeiitic magmatism [Kerr et al., 1999] . These mafic dykes found in the El Sábalo Formation differ from other Cuban basalts in terms of both their thickness (~400 m) and their age (Oxfordian-Early Kimmeridgian) and intrude deformed continental margin type Jurassic turbidites.
Despite the poor and limited exposures of the El Sábalo tholeiitic dykes, these rocks are important to depict the geodynamic history of the intra-American area during Jurassic times. This detailed geochemical study on whole-rock and clinopyroxene separates from the mafic dykes allows us to identify their magmatic affinities and mantle sources. These geochemical data help constrain an event of the geodynamic evolution of the intra-American area, i.e., the opening of the Gulf of Mexico.
GEOLOGICAL SETTING
Cuba belongs to the northwestern Caribbean region, its study is fundamental to the understanding of the Mesozoic-Cenozoic plate movements in the area. The island of Cuba is bounded, to the south, by the Cayman-Bartlett trench. This major sinistral transform fault separates the North American and Caribbean plates and protected Cuba from the major post-Palaeogene shearing that overprinted the earlier tectonic events in most of the Greater Antilles.
The island of Cuba ( fig.1 ) can be divided into three main geological domains based on stratigraphy, type of magmatic activity and tectonic style: the West Cuban nappe stack, the central Cuban main thrust belt and the south-eastern Cretaceous and Palaeogene arcs. Each one is separated from the other by NE-SW trending faults [Iturralde-Vinent, 1994 , 1996a , 1996b Frisch, 1998, 2002; Kerr et al., 1999; Muller et al., 1999; Maresch et al., 2000; Rodriguez et al., 1997; Stanek et al., 2000] .
Three structurally and lithologically complex allochthonous terranes are present in south-central and western Cuba [Rodríguez et al., 1997] and detailed map of the geology of Cuba from the Bahia Honda bay to San Cristobal showing the location of the analyzed samples, subject of this work. SAB1 is the sample described by Kerr et al. [1999] Kerr et al. [1999] . (Guaniguanico, Escambray and Pinos [Iturralde-Vinent, 1994] ). They expose Jurassic-Cretaceous sediments of continental margin type as well as ophiolitic rocks and Cretaceous volcanic arc suites. In the Guaniguanico terrane, Paleocene to lower Eocene foreland sediments can also be found. There is strong evidence that all three terranes were originally located along the eastern margin of the Maya block (Yucatan platform, [Iturralde-Vinent, 1994] ) and were preserved as tectonic windows in Cretaceous arc rocks as shown by the existence of mafic dykes in Jurassic sediments. These mafic dykes and their host sediments are strongly metamorphosed in the Pinos and Escambray terranes (high pressure-low temperature [Kerr et al., 1999] ), but are much less affected in the Guaniguanico terrane [Schneider et al., 2004] .
The studied area corresponds to the Guaniguanico massif ( fig. 1 ). This terrane consists of a stack of several NE-SW trending thrust units [Iturralde-Vinent, 1994] . The lower units, Los Organos and Rosario Belts (Rosario South, Rosario North and Quiñones) consist of Early Jurassic to late Cretaceous sedimentary rocks [Pszczolkowski, 1978] , whereas the upper units consist of serpentinites, gabbros and Cretaceous igneous and sedimentary rocks of the Felicidades belt [Iturralde-Vinent, 1994] . The three samples analysed in this paper were collected in the vicinity of 'Los Tumbos', north of San Cristobal, and belong to the mafic El Sábalo Formation in the South Rosario belt. They belong to a series of mafic dykes that intrude the Upper Jurassic-Lower Cretaceous platform sediments and limestones. The sediments crosscut by the mafic dykes are paleontologically dated to late Oxfordian-early Kimmeridgian [Reguera et al., 1999] .
ANALYTICAL PROCEDURES
Wavelength-dispersive analyses for clinopyroxene majorelement compositions were made on a Cameca SX-50 electron microprobe fitted with five spectrometers at the Institute of Mineralogy and Geochemistry of the University of Lausanne. The standard procedures are 15 kV and 20 nA with an electron beam of 1 µm width and integrated counting times of 15 on background and 30 s on the peak. Synthetic and natural minerals were used as standards. A computer correction program (PAP) was used to calculate the element concentrations. The accuracy of major element determinations is better than ± 5% of the total values.
Trace element measurements on minerals were made by laser-ablation ICP-MS mass spectrometry using an Ar-F 193 nm Lambda Physik © Excimer laser coupled with a Perkin-Elmer 6100DRC ICP-MS at the Institute of Mineralogy and Geochemistry of the University of Lausanne. NIST610 and 612 glasses were used as external standards, Ca as internal standards after microprobe measurements on the pit sites. Ablation pit size varied from 40 to 80 nm. BCR2 basaltic glass was regularly used as a monitor to check for reproducibility and accuracy of the system. Results were always within ± 10% of the certified values.
Major-and trace-element concentrations were measured by ICP-AOS at the Université de Bretagne Occidentale, Brest, following Cotten et al.'s [1995] procedures. Complementary trace element concentrations were measured by ICP-MS at the Université Joseph Fourier, Grenoble, following Barrat et al.'s [1996] procedures.
Sr (static acquisition) and Nd (dynamic acquisition) isotopic ratios were measured at the Laboratoire de Géochimie isotopique de l'Université Paul Sabatier, Toulouse, on a Finnigan MAT261 multicollector mass spectrometer using the analytical procedures described by Lapierre et al. [1997] . , 1978] .
For lead separation, powdered samples were weighed to obtain approximately 200 ng of lead. Samples were leached with 6N HCl during 30 minutes at 65 o C before acid digestion. They were dissolved for 48 hours on a hotplate in a tri-distilled HF/HNO 3 mixture. After evaporation to dryness, 1 ml of HNO 3 was added to the residue and kept at about 90 o C for 12-24 h. After complete evaporation, 0.5 ml of 8N HBr was added to the sample, which was kept at 70 o C for 2-3 h before complete evaporation. The chemical separation of lead was done using 50 µl of anion exchange resin (AG1X8, 200-400 mesh) and samples were loaded and washed in 0.5N HBr. Lead was then eluted in 6N HCl. Pb blanks were less than 40 pg and are negligible for the present analyses.
Lead isotopes were analysed on a VG Plasma 54 multicollector inductively coupled plasma mass spectrometer (MC-ICP-MS) at the Ecole Normale Supérieure de Lyon. Lead isotope compositions were measured using the Tl normalization method [White et al., 2000] . For Pb isotope analysis, samples were bracketed between NIST 981 standard measurements and calculated with respect to the value reported for this standard [Todt et al., 1996] .
All isotopic data are corrected for in situ decay using an age of 150 Ma [Kerr et al., 1999] .
PETROLOGY AND MINERAL CHEMISTRY OF THE DOLERITES
All three doleritic samples show an intersertal texture formed by plagioclase laths (40 vol. %, An 45-60) surrounded by clinopyroxene (15 vol. %). The groundmass consists of interstitial secondary minerals (i.e., chlorite and serpentinite) and oxides. Preserved sub-rectangular and sub-octagonal clinopyroxene occur either as single crystals or as slightly altered aggregates. Euhedral plagioclase occurs in elongated isolated laths or as radial aggregates. Samples contain an important number of subhedral oxides (10 vol.%), which are mostly ilmenite, with rare magnetite and pyrite. Serpentine and chlorite can be found as alteration products in veins and fractures formed during weathering.
Clinopyroxenes show zoned augitic compositions 
MAJOR AND TRACE ELEMENT CHEMISTRY
The analyzed samples are similar to oceanic tholeiites in terms of major-element chemistry as shown by low alkali index [Middlemost et al., 1975 [Gibson et al., 1995; Pik et al., 1998 ]. In the Nb/La vs. Ti/Y plot ( fig. 6 ) we can clearly see that the chemistry of these rocks is close to the LTi Parana and Ethiopia CFBs.
Chondrite-normalised REE diagrams for the Cuban Jurassic dolerites exhibit MORB-like characteristics (LREE depletion, flat HREE patterns, fig. 4 ). Primitive mantle normalised-spidergrams [Sun and McDonough, 1989] (fig. 5) show that the dolerites are depleted in incompatible elements but enriched in Rb, Ba (LILE). This LILE enrichment likely reflects alteration and/or low grade metamorphism. The spidergrams are very flat towards the less incompatible elements but exhibit small Pb and Sr negative anomalies with the exception of sample Cu03-13-1. The latter, collected at the dykes chilled margin, differs from the other samples by its marked Pb and Sr positive anomalies.
ND, SR AND PB ISOTOPIC CHEMISTRY
The three doleritic samples show very homogeneous Nd isotopic compositions with εNd values of +9 ( fig. 7) , the dolerite sampled in the dyke margin falls within the MORB field while the two others are in the OIB and low 
DISCUSSION
Samples studied in this paper are part of the Guaniguanico formation of N-W Cuba and are identified as continental margin rift tholeiites, dated as Oxfordian to early Kimmeridgian, that were formed during the separation of the Yucatan (Mayan block) from northern South America [Kerr et al., 1999] . In this unit Kerr et al. [1999] described a sample referred to as basalt from el Sabalo Fm. (SAB1, fig. 1 ) with geochemical similarities to the samples described in this paper.
The low alkali index of these dolerite samples [Middlemost, 1975 ] (AI=2 to 3) and Al 2 O 3 (13-15 wt.%) can clearly establish their tholeiitic affinity. Clinopyroxene low Ti values (0.02 pfu.) for low Ca+Na (< 0.8 pfu) [Leterrier et al., 1982] , Mg enriched cores and Fe-rich rims, also establish that these clinopyroxene are tholeiitic ( fig. 3) . However, the relatively low whole rock MgO contents (< 7,5 wt.%) combined to the low Ni concentrations suggest that these magmas could have undergone fractionation dominated by olivine crystallisation.
The Nb/La vs. Ti/Y diagram shows that these Cuban dolerites are very similar in composition to the LTi Parana, Siberia, Deccan and Ethiopia flood basalts characterised by low TiO 2 (1.06 wt.% to 1.13 wt.% here) and P 2 O 5 (0.08 wt.%) levels ( fig.6) [Gibson et al., 1995] .
The multi-element concentrations of these dolerites are very similar to those in MORB ( fig. 5 ) despite the low concentrations in Nb and Ta, typical of trapp formation [Thompson et al., 1983] , and bear a resemblance to trace-element diagrams of the Ferrar dolerites [Hergt et al., 1989] . These differ from many other CFBs and display a marked negative Nb-Ta anomaly. This could reflect the existence of Nb-Ta bearing phases (magnetite) in the fractional crystallisation process or mark a form of crustal contamination, as suggested for other Mesozoic Gondwana CFB provinces [Peate et al., 1996; Hansen et al., 1999] .
The ( [White and McKenzie, 1989; Pik et al., 1998 ]. These authors suggest that LTi basalts originate from a HTi OIB-like source variably contaminated by the continental crust [Pik et al., 1998 ]. The Ferrar magmatism [Hergt et al., 1989; Peate et al., 1996] , and other magmatic events with similar geochemical characteristics such as basalt sequences in Antarctica and in Siberia [Storey and Alabaster, 1991; Lightfoot et al., 1993] , have been recognised as LTi basalt sequences. In these cases, the melt is much more depleted in incompatible elements than typical related OIB magmas [Anderson, 1994] . These Ferrar dolerites are interpreted as having been derived from mixing of a lithospheric mantle source and an asthenopheric component similar to E-MORB [Hergt et al., 1989; Lightfoot et al., 1993] .
The MORB-like characteristics and the continental affinities of the three Cuban samples studied in this paper bear resemblance to the LTi continental flood basalts of Ferrar and to small volumetric basalt sequences of Antactica and Siberia [Hergt et al., 1989; Lightfoot et al., 1993; Storey and Alabaster, 1991] .
These Cuban dolerites would owe their existence to the separation of the Yucatan block and South America linked to the opening of the Gulf of Mexico appreciatively 160 to 150 million years ago. This is correlated to the opening of the central Atlantic Ocean as suggested by previous authors [Kerr et al., 1999; Duncan and Hargraves, 1984; Burke, 1988] .
CONCLUSIONS
Mafic doleritic dykes intruding Jurassic turbidites of the El Sábalo formation belong to the Guaniguanico terrane, which represents a Jurassic-Cretaceous sequence of continental margin type. These Late Jurassic dolerites exhibit geochemical features of evolved tholeiitic melts, and more precisely of low TiO 2 and P 2 O 5 (LTi) continental flood basalts similar to the dolerites of Ferrar. However, they differ from most continental flood basalt occurrences by LREE-depleted patterns similar to MORB, as well as by the small volume of erupted rocks. The dolerites and their clinopyroxenes, characterized by similar and high εNd values (+8.6 to +9.5) derived from mixing of a lithospheric mantle source and an asthenospheric component similar to E-MORB. 
